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C BY-NC-Abstract The synthesis and characterization of the Co(II) complex of sulfathiazole is presented
here. The compound was characterised by spectroscopic methods and crystal structure of the com-
plex was determined as well. The complex crystallizes in the triclinic crystal form with the space
group of P1. The asymmetric unit of the title compound contains one tetrachlorocobaltate anion,
two sulfathiazolium cations and one acetic acid molecule in the crystal lattice. The Co(II) ion exhib-
its tetrahedral environment surrounded by four chloride ions. The two sulfathiazolium cations are
linked by O–HÆÆÆN hydrogen bonds.
ª 2011 King Saud University. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Sulfathiazole was the ﬁrst effective chemotherapeutic agents
employed systematically for the prevention and cure of bacte-
rial infections in humans (Blasco et al., 1996; Bult, 1983). The
sulfanilamides exert their antibacterial action by the competi-
tive inhibition of the enzyme dihydropterase synthetase to-
wards the substrate p-aminobenzoate (Garcıa´-Raso et al.,
2000). Sulfathiazole, (4-amino-N-2-thiazolylbencenosulfona-2 8615583.
y. Production and hosting by
Saud University.
lsevier
ND license.mide), stzH, is clinically one of the most used drugs (Casanova
et al., 1993a). The complex formation between metal ions and
sulfathiazole, pointing to the antibacterial activity and the
antimicrobial activity of heavy metals in some cases, and the
activity of the metal complexes themselves, constitute an
important ﬁeld of research (Blasco et al., 1996; Built, 1983).
Furthermore, sulfathiazole and their metal complexes possess
many applications, in addition to antibacterial activity such
as diuretic, antiglaucoma or antiepileptic drugs, among others
(Corradi et al., 1994; Ferrer et al., 1990; Supuran and Scozzaf-
ava, 1997; Jitianu et al., 1997; Supuran et al., 1998; Scozzafava
et al., 1999), like antifungal activity (Barboiu et al., 1996; Brig-
anti et al., 1997), and, in many cases, the activity of the metal
complex is much better than the ligand alone. Although the
synthesis of metal complexes of sulfathiazole has been re-
ported, the structural determination is often incomplete and
conﬂicting (Torre et al., 2003; Casanova et al., 1993b). Relat-
ing to sulfathiazole metal complexes, different compounds
were reported in which the sulfathiazole moiety acts with a
high versatility in its coordination ability. Sometimes sulfat-
hiazole behaves as deprotonated anion and sometimes as
Scheme 1 Structure of the complex [(stzH2)2][CoCl4]ÆCH3-
COOH (1).
254 G.M. Golzar Hossainprotonated cation. Continued interest in the effects of anionic
transition metal complexes on the conformation of antihista-
mines effective on H1-receptors led to the preparation and
crystal structure determination of bis-sulfathiazolium tetra-
chlorocobaltate(II) mono acetic acid is reported in this paper
(Scheme 1).
2. Experimental
2.1. Materials and methods
The sulfamethazine was purchased from Sigma and used with-
out further puriﬁcation. Methanol, acetic acid and CoCl2.
6H2O were purchased from BDH. All solvents were dried
and distilled before use. The IR spectrum was recorded on a
Nicolet 510 FTIR spectrometer, the compound was pressed
into a KBr disk that was prepared in a sample holder by com-
pressing a powdered sample with ten-fold excess of KBr, which
was preheated in an oven before use. C, H and N were esti-
mated microanalytically using a Perkin–Elmer 2400 CHN ele-
mental analyzer. The crystal data were collected on a Nonius
KappaCCD area-detector diffractrometer.
2.2. Preparation of [(stzH2)2][CoCl4]ÆCH3COOH (1)
Solid sulfathiazole (0.565 g, 2 mmol) was dissolved in hot
methanol and methanolic solution of CoCl2Æ6H2O (0.238 g,
1 mmol) was added with constant stirring. The purple precip-
itate was ﬁltered off and dried over silica gel. It was then dis-
solved in water in the presence of acetic acid, ﬁltered off and
left for crystallization with slow evaporation at room temper-
ature. Green block crystals were obtained after two weeks.
Anal. Found: C, 31.03, H, 3.10; N, 10.86%. Calcd. for
C20H24Cl4CoN6O6S4: C, 31.10; H, 3.15; N, 10.75%. IR:
(KBr disk): cm–1, 3513(b), 3426(s), 3383(m), 1625(s),
1537(vs), 1331(vs), 1267(vs), 1141(m), 933(m), 689(w),
625(vw), 581, 552, 521(vs) and 411(w).
3. X-ray crystallography
A suitable single-crystal of size 0.15 · 0.12 · 0.10 mm of the
complex [(stzH2)2][CoCl4]ÆCH3COOH (1), was mounted on
glass ﬁbre using greeze (Kottke and Stalke, 1993) The prelimin-
arymeasurements of the crystal of the sample gave the primitive
monoclinic unit cell.Datawere collected at 150(2)Kon aNonius
KappaCCD area-detector diffractrometer (MoKa graphite-
monochromated radiation, k= 0.71073 A˚) and controlled by
the Collect software package (Nonius, 1998). Images were pro-
cessed using the software packages of Denzo and Scalepack(Otwinowski and Minor, 1997) and intensity data were cor-
rected for Lorentz polarisation andbackground effects, and also
for absorption by using the empirical method employed in Sor-
tav (Blessing, 1995).
The structure was solved by direct methods and reﬁned by
full-matrix least squares on F2 using SHELXL (Sheldrick,
2008). All non-hydrogen atoms were directly located from dif-
ference Fourier maps and reﬁned using anisotropic displace-
ment parameters without any geometrical restraints. All
hydrogen atoms were included in subsequent reﬁnement stages
in riding-motion approximation with an isotropic thermal dis-
placement parameter ﬁxed at 1.2 (for the aromatic and amino
hydrogen atoms) or 1.5 (for the methyl hydrogen atoms) times
Ueq of the atom to which they are attached. The crystallo-
graphic structural drawings were created using the software
package ORTEP (Farrugia, 1997).4. Results and discussion
4.1. Spectroscopic data
The infrared spectrum of the complex taken in the region
4000–400 cm1 was compared with that of the free sulfathiaz-
ole ligand. The band at 3421 cm1 due to asym(NH2) and
sym(NH2) vibrations of the amino (–NH2) group
(Garcıa´-Raso et al., 2000; Casanova et al., 1993b) are modiﬁed
with respect to those of free sulfathiazole. The peak for the
sulfonamidic (N–H) group in sulfathiazole at 3125 cm–1, is not
present in the spectrum of the complex, conﬁrming the deproto-
nation of the –SO2NH–moiety. The scissoring vibration for the
amino (–NH2) groupappears at 1642 cm
–1 andpeaksdue tophe-
nyl ring appear at 1552 and 1598 cm–1. The peak at 1312 cm1 is
assigned to mas(SO2), and those at 1162 cm
1 to msy(SO2), show
important changes upon complexation. The ﬁrst one splits into
two peaks at 1267 and 1347 cm1 and the second one appears at
1181 cm1 in the complex.
The 947 cm–1 band in sulfathiazole is assigned to m(S–N)
(Casanova et al., 1993b) and changed to higher frequencies
(1009 cm1) as a consequence of coordination to cobalt ion.
This shift to higher frequencies is in accordance with the short-
ening of the S–N bond lengths, which have been observed in
the crystal structure of complex.
4.2. Crystal and molecular structure
The crystal data and reﬁnement details for the cobalt complex
[[CoCl4][(H2stz)2]ÆCH3COOH (1) is listed in Table 1 and the
bond lengths and angles are summarized in Table 2.
The crystal structure of the complex [(stzH2)2][CoCl4]ÆCH3-
COOH (1) is shown in Fig. 1. It is found that there is no direct
bonding of sulfathiazole with the Co(II) in the complex. The
structure consists of mainly [CoCl4]
2 anions and the proton-
ated sulfathiazolium [stzH2]
+ cations in the ratio of 1:2. In
addition there is, in the crystal lattice, one molecule of acetic
acid per metal centre. The two sulfathiazolium cations are
hydrogen bonded through N–OÆÆÆH bond in each asymmetric
unit. All these species are held together in the crystal by an
extensive hydrogen bonding network, shown in packing
diagram (Fig. 2). The molecular dimensions in the monocation
are normal and agree well with the corresponding values
Table 1 Crystal data and structure reﬁnement for
[(stzH2)2][CoCl4]ÆCH3COOH (1).
Empirical formula C20H24Cl4CoN6O6S4
Formula weight 773.42
Temperature, K 150(2)
Wavelength, A˚ 0.71073
Crystal system Triclinic
Space group P1
Unit cell dimensions a= 8.07940(10) A˚
b= 10.98430(10) A˚
c= 18.1087(2) A˚
a= 83.3332(4)
b= 83.5157(4)
c= 72.5918(6)
Volume, A˚3 1517.91(3)
Z 2
Calculated density, Mg/m3 1.692
Absorption coeﬃcient, mm1 1.240
F(000) 786
Crystal size, mm 0.20 · 0.18 · 0.15
h-range for data collection 2.97–27.38
Limiting indices 10 6 h 6 10, 14 6 k 6 14,
23 6 l 6 23
Reﬂections collected/unique 24140/6716 [Rint = 0.0271]
Completeness to h= 27.38 97.3%
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.8359 and 0.7896
Reﬁnement method Full-matrix least-squares on F2
Data/restraints/parameters 6716/0/374
Goodness-of-ﬁt on F2 1.144
Final R indices [I> 2r(I)] R1 = 0.0271, wR2 = 0.0806
R indices (all data) R1 = 0.0287, wR2 = 0.0817
Largest diﬀ. peak and hole, e A˚3 0.597 and 0.482
Table 2 Selected bond lengths (A) and angles (deg) for
[(stzH2)2][CoCl4]ÆCH3COOH (1).
Co(1)–Cl(1) 2.2656(5) Co(1)–Cl(2) 2.2755(5)
Co(1)–Cl(3) 2.2780(5) Co(1)–Cl(4) 2.2895(5)
S(1)–C(1) 1.7316(17) S(1)–C(2) 1.733(2)
S(2)–O(2) 1.4393(12) S(2)–O(1) 1.4489(13)
S(2)–N(2) 1.5963(15) S(2)–C(4) 1.7714(17)
S(4)–O(4) 1.4372(13) S(4)–O(3) 1.4507(13)
S(4)–N(5) 1.6020(15) S(4)–C(13) 1.7715(16)
N(3)–C(7) 1.469(2) N(6)–C(16) 1.464(2)
Cl(1)–Co(1)–Cl(2) 113.056(19) Cl(1)–Co(1)–Cl(3) 106.89(2)
Cl(2)–Co(1)–Cl(3) 109.395(18) Cl(1)–Co(1)–Cl(4) 115.66(2)
Cl(2)–Co(1)–Cl(4) 103.743(18) Cl(3)–Co(1)–Cl(4) 107.926(18)
O(2)–S(2)–O(1) 117.37(8) O(2)–S(2)–N(2) 113.30(8)
O(1)–S(2)–N(2) 104.73(8) O(2)–S(2)–C(4) 107.75(8)
O(1)–S(2)–C(4) 107.89(8) N(2)–S(2)–C(4) 105.05(8)
O(4)–S(4)–O(3) 117.79(8) O(4)–S(4)–N(5) 112.98(8)
O(3)–S(4)–N(5) 103.66(7) O(4)–S(4)–C(13) 107.28(8)
O(3)–S(4)–C(13) 107.48(8) N(5)–S(4)–C(13) 107.10(7)
Figure 1 ORTEP drawing of the complex [(stzH2)2][CoCl4]ÆCH3-
COOH (1).
Figure 2 Packing diagram of the complex [(stzH2)2][CoCl4]ÆCH3-
COOH (1) where intermolecular hydrogen bonds were indicated
by dashed lines.
Synthesis and characterisation of cobalt complex of sulfathiazole with acetic acid 255reported for sulfathiazolium nitrate monohydrate (Banu and
Hossain, 2006) and sulfathiazole (Kruger and Gafner, 1971).
The structural determination also shows that the amino
nitrogen of sulfathiazole (A) is protonated in the complex,
along with the shifting of the hydrogen atom from sulfon-
amido nitrogen to thiazolato nitrogen atom and forming asulfathiazolium cation like (B). Thus in comparison with the
neutral sulfathiazole molecule, the bond lengths and angles
change in the cation (Scheme 2).
Recently, a polymeric cobalt complex of sulfathiazole is re-
ported (Bellu´ et al, 2005) where the thiazolato nitrogen atoms
coordinate with Co-ion with the Co–N distance of 2.114–
2.220 A˚. But in the complex, reported here, the sulfathiazole
plays a different role and does not coordinate with the Co-
ion, because the Co ion is surrounded by four chloride ions
forming a [CoCl4]
2– anion with tetrahedral geometry. As this
species is present in the compound as divalent anion, the sul-
fathiazole acquires a proton forming sulfathiazolium cations.
Within the [CoCl4]
2 units, the Cl–Co–Cl bond angles
[104.37(3)–112.42(3)] represent near an ideal tetrahedral
geometry, and the Co–Cl bond distances [2.266(1)–
Table 3 Selected torsion angles () for complex [(stzH2)2][CoCl4]ÆCH3COOH (1).
C(4)–S(2)–N(2)–C(1) 75.95(15) C(13)–S(4)–N(5)–C(10) 80.89(14)
S(2)–N(2)–C(1)–S(1) 15.6(2) N(2)–S(2)–C(4)–C(9) 125.64(15)
S(4)–N(5)–C(10)–S(3) 2.3(2) N(5)–S(4)–C(13)–C(14) 83.92(15)
Scheme 2 Protonation of sulfathiazole forming sulfathiazolium cation.
Table 4 Hydrogen bonds for complex [(stzH2)2][CoCl4]ÆCH3-
COOH (1) (A˚ and ).
D–HÆÆÆA d(D–H) d(HÆÆÆA) d(DÆÆÆA) \(DHA)
N(3)–H(3A)ÆÆÆO(3)i 0.91 1.89 2.766(2) 159.9
O(6)–H(6D)ÆÆÆO(5)ii 0.84 1.80 2.629(3) 169.9
N(1)–H(1)ÆÆÆN(2)iii 0.88 2.01 2.848(2) 159.6
N(3)–H(3B)ÆÆÆCl(2)iv 0.91 2.29 3.1941(16) 171.1
N(3)–H(3C)ÆÆÆO(1)v 0.91 1.89 2.793(2) 173.5
N(4)–H(4)ÆÆÆCl(1)vi 0.88 2.35 3.2309(16) 177.7
N(6)–H(6A)ÆÆÆN(5)vii 0.91 2.12 3.024(2) 169.7
N(6)–H(6B)ÆÆÆCl(4)viii 0.91 2.36 3.2255(16) 159.0
N(6)–H(6C)ÆÆÆCl(3)ix 0.91 2.35 3.1930(15) 154.5
Symmetry transformations used: (i) x, y, z; (ii) x, y+ 1,
z+ 1; (iii) x+ 1, y+ 1, z+ 1; (iv) x+ 1, y  1, z; (v)
x+ 2, y, z+ 1; (vi) x+ 2, y+ 1, z; (vii) x  1, y, z;
(viii) x, y  1, z; (ix) x+ 1, y+ 1, z.
256 G.M. Golzar Hossain2.290(1) A˚] show an excellent agreement with those reported
for the complexes containing [CoCl4]
2 units (Ning et al.,
1992; Haddad et al., 2003; Zhang et al., 2005).
The two sulfathiazolium cations in the complex have differ-
ent conformation (Table 3). The torsion angle C1–N2–S2–C4
for one molecule is 75.95(15) whereas C10–N5–S4–C13 for
the other molecule is 80.89(14). The dihedral angles between
the planes of the phenyl and thiazole rings of 88.31(6) for
one molecule is larger than the value of 79.67(5) for the other
molecule because the previous one is very close to the acetic
acid molecule present in the complex and are comparable with
the values of dihedral angles of sulfathiazole (Drebushchak
et al., 2008).
There are several electrostatic forces of interaction and the
long range van der Waals’ interactions favor the packing of the
cations, anions and neutral acetic acid molecule in the crystal
(Table 4). The hydrogen bonds are shown in the packing dia-
gram (Fig. 2) by dashed lines.
5. Supplementary material
Crystallographic data for the compounds have been deposited
with the Cambridge Crystallographic Data Centre, CCDC No
is 810943 (1). Copies of this information may be obtained free
of charge from The Director, CCDC, 12 Union Road,Cambridge, CB2 1EZ, UK (Fax: +44 1223 3360333 or e-mail:
deposit@ccdc.cam.ac.uk orwww: http://www.ccdc.cam.ac.uk).
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